Abstract Extensive livestock grazing even in unsuitable land has increasingly grown in most parts of semi-arid rangeland. Therefore, it is of paramount importance to identify suitable land for livestock grazing for optimum utilization while causing minimum impact to the environment. This paper adapted the schematic model based on the concepts presented by the Food and Agriculture Organization of suitability analysis for optimal grazing management in semiarid rangeland in Iran. Factors affecting extensive grazing were determined and incorporated into the model. Semi-arid rangeland with variable such as climate and other agents were examined for common types of animal grazing and the advantages and limitations were elicited. Many ecosystem components affect land suitability for livestock grazing but due to time and funding restrictions, the most important and feasible elements were investigated. Within the model parameters, three submodels including water accessibility source, forage production, and erosion sensitivity were considered. Suitable areas at four levels of suitability were determined using geographic information systems. This suitability modeling approach was adopted due to its simplicity and the minimal time required for transforming and analyzing datasets. The most important reducing factors in model suitability were found to be: (a) land use and vegetation cover (in relation to soil erosion sensitivity), (b) the amount of the available forage in comparison with the total production, and (c) the existence of less palatability plants among the pasture plant species (forage production suitability). The results of the study would be beneficial to rangeland managers in devising measures more wisely to cope with the limitations and enhance the health and productivity of the rangelands.
Introduction
Semi-arid areas are a large part of the Earth (Quaas and Baumgärtner 2012). In these areas, the use of land and also the land capability are determined by the user . Land capability is governed by different land attributes such as the types of soil, which is critical for productivity, underlying geology, topography, and hydrology (Abebe et al. 2006; Baniya et al. 2009; Youssef et al. 2011) . These attributes limit the extents of land available for various purposes. Land suitability use is inevitable in order to get the maximum benefit out of the land (Yeganeh et al. 2012) .
Land use-land evaluation procedures are defined by land suitability, which is the fitness of a land unit for a land use type assessed by comparing land use requirements of each land utilization type (FAO 1976 (FAO , 1991 (FAO , 2002 (FAO , 2007 . Land suitability analysis is the evaluation and grouping of specific areas of land in terms of their suitability or capability for a specific use (Bennett et al. 2007; Dessalegn 2010) . The suitability of a given piece of land is its natural ability or the biological productivity which could support a specific purpose. Moreover, it is an important tool in making local and sitting decisions in planning studies (Sonneveld et al. 2010) . Broadly defined, land use suitability analysis aims at identifying the most appropriate spatial pattern of future land use according to specified requirements, preferences, and predictors of specific activities (Hopkins 1977; Collins et al. 2001; Harper et al. 2002; Baniya 2008) .
In semi-arid rangeland of Iran, land resource degradation is a major threat that affects the existence and livelihood of the community. The degradation of land resource due to land use change; overgrazing; social, economical, and environmental impact has intensified the pressure on the resources. In the study area, livestock grazing is the predominant type of land use (Quaas and Baumgärtner 2012); livestock and pasture is a very important business for the rural community to sustain living. Livestock are fed from pasture (Skonhoft 1999) . Land management, therefore, is a real issue that requires proper attention from the authorities to ensure sustainability of the rangeland sector in the state. The regeneration rate of rangeland resources is very slow, so it is not able to cope with the ever-increasing livestock population growth; hence, this imbalance situation leads to regional economic development problems (Breman and De Wit 1983) . Proper evaluation based on land planning is essential to solve these problems.
In order to utilize land resources in semi-arid rangeland in a sustainable way, a land-use plan that incorporates the different land characteristics has a paramount importance. To incorporate the different land attributes that differ spatially and to identify the best suitable land use, geographic information systems (GIS) is proven to be the best tool (Hopkins 1977; Kalogirou 2002; Harper et al. 2002; Hoobler et al. 2003; Neameh 2003; Jayasinghe and Machida 2008; Yeganeh et al. 2012) . GIS, which incorporate database systems for spatial data, were designed and developed enabling the acquisition, compilations analyzing, and displaying topological interrelations of different spatial information (Venkataratnam 2002; Harper et al. 2002; Bizuwork et al. 2006) . Moreover, the surface and overlay analysis and modeling capabilities in GIS can effectively facilitate in handling vast amount of spatial data. In this study, an attempt was made to identify suitable areas for extensive livestock by incorporating different spatial information using GIS techniques to identify suitable semi-arid land for extensive grazing in optimum utilization while causing minimum impact to the rangelands.
Study area
A semi-arid climatic region of Iran was investigated in this study. Two types of grazing animals were considered, namely sheep and goat. The area under study (51°3 4′54″-51°45′53″ E and 31°26′19″-31°03′28″ N) comprises of 8,962.25 ha of which 79.9 % is rangeland (Fig. 1) . The mean annual rainfall of the area is 358 mm, which is falling mainly in the autumn and winter seasons. The average minimum and maximum temperatures are 3.1 and 16.7°C, respectively.
Methodology
This study was based on the Food and Agriculture Organization (FAO; 1991) model for evaluating extensive grazing. The main steps involved in this suitability assessment model are described below.
Land requirements
The land conditions necessary for successful implementation of land utilization types are known as land use requirements and are expressed in terms of land qualities or in a negative manner as land use limitations. These are conditions that adversely affect the potential of the land for supporting a certain utilization type. Different data source were referred to analyze the land suitability and grazing capacity (Table 1 ).
Erosion vulnerability model
Majority of soil erosion studies use empirical models owing to insufficient data available. Erosion potential model (EPM) model have been widely used in the country (Ahmadi 2004; Amiri 2010) . In the EPM model, four factors are evaluated including land use, slope, erosion potential, soil characteristics, and geology in each catchments. Each factor is evaluated independently and assigned a rating according to this model:
where, Z is the erosion severity index, Y is the sensitivity of soil and bedrock to erosion, Xa Is the land use index, Ψ is the erosion index of the watershed, and I is the average gradient of the slope. Then, the classes of erosion vulnerability were created based on Table 2 .
Water resources model
The water resources suitability consists of three submodels which include water remoteness, quality, and quantity. In this study, location, quantity, quality, and remoteness of water resources in each traditional boundary was determined.
Water accessibility submodel First, the slope maps of the study areas were classified and water remoteness in each slope class was calculated and the related map was extracted using ArcGIS®9.3. Overlaying both maps led to the final water accessibility model. The distance from water sources suitability classes in livestock use are illustrated in Table 3 .
Water quantity submodel In this step, the location and discharge of water resources was determined and summed up within each traditional boundary to calculate water availability. Animal water demand and available water were 
where a is the coefficient which is to be calculated based on local investigation. The "?" is the amount of water needed by the livestock and kg is the live weight of the livestock on the kilogram basis. The average weight for Turkish-Qashqai sheep and goat breeds 50 and 37 kg, respectively. The suitability categories were then determined by comparison of the available water with the water needed by the livestock in each traditional boundary (Table 4 ).
Water quality sub-model In this study, water quality data of water sources [electrical conductivity, total dissolved salts, Mg, SO 4 , total hardness, and NO 3 ] was acquired from local offices and compared with standards to determine water quality suitability within each traditional boundary. Finally, these three submodels were integrated to make the final water sources suitability model for extensive grazing.
Forage production model
Site evaluation and data collection was carried out during the spring of 2010. Preparation of land use maps (cropland, orchard, rangeland, and rocky land) began with field studies in March 2010 using multitemporal satellite IRS-P6 AWiFS data and digital topographic maps (of scale 1:50,000). Preliminary vegetation types in rangeland were distinguished with the physiognomic-floristic methods. Meanwhile, with the determination of the vegetation types, the boundaries were checked on the map according to the features of vegetation entities and dominant species. Forage production (using double sampling method), rangeland conditions, and trends in the study area were determined. Based on field observation, the plants in the vegetation types were assigned a palatability class for different animals. Available forage was calculated by combining range condition, trend, and erosion situation in each vegetation type. In order to create the available forage, the relevant information was integrated for each vegetation type using Eq. 4.
where DLNN is the daily livestock nutrition need, GP is grazing period, T is topography, and FQ is forage quality . The available forage (AF, kilogram per day) for livestock was calculated as;
where Y is yield (kilogram per hectare), P is palatability, and PUF is proper use factor ) while PUF was determined by combining information on trends in range condition and erosion sensitivity. The proper use factor suitability classes in livestock use are illustrated in Table 5 . The livestock-grazing capacity model as described earlier comprises of four submodels which include the amount of available forage for the sheep and goats, gazing period, forage needed for the sheep and goats, and the area of the vegetation types. The grazing capacity was calculated using Eq. 6 .
where GC is the for grazing capacity, AF is the available forage (kilogram per hectare) in the area (hectare), and DLNN is the daily livestock nutritional need. The number of goats was determined using the animal unit (AU) for goats as 0.8. The forage production suitability class, based on the ratio of the available forage production to the total products of that type was determined from Table 6 . Table 2 Classes of sensitivity to erosion (Amiri 2009a, b) No.
Range of Z Classes Suitability classes Table 3 Water resource distance and its suitability classes Slope class (%) 0-10 10-30 30-60 >60 Suitability class S1 0-3,400 0-3,000 0-1,000 N S2 3,400-5,000 3,000-4,800 1,000-3,600 N S3 5,000-6,400 4,800-6,000 3,600-4,100 N N >6,400 >6,000 >4,100 N
Factors rating
A factor is usually rated in term of four classes with critical values attached to each as follows (Table 7) .
Combining land suitability ratings and determining final suitability
The land suitability classification was developed by considering three objectives; erosion vulnerability, forage production, water sources, and for each objective considering different land characteristic factors (Table 1) . Based on the suitability classes of each factors for each objective, the final land suitability map was given from N (unsuitable) to S1 (most suitable).
Grazing pressure index
The grazing pressure index (GP i ) is the animal to forage ration in a given instance. The land use map of the study area classified the area roughly as cropland, orchard, rangeland and rocky land, an attempt was made to estimate the amount of available forage that can be produced from rangeland in the study area. The GP i was calculated as;
where GP i grazing pressure index at location i, AU animal unit, and AF available forage (kilogram per day) at a given location i.
Results
In this study, a model for range suitability assessment for extensive grazing of semi-arid rangeland in Iran was elicited. Based on field experience, three limiting conditions for extensive grazing were taken into account. A model was proposed for each given criteria.
Erosion vulnerability
The erosion vulnerability model showed that about 3.5 % of the regions rangeland surface (254.25 ha) was classified in as erosion class II (low sedimentation intensity), 64 % (4,585.98 ha) as class III (medium sedimentation intensity), and 32.4 % (2,318.95 ha) was classified as erosion class IV (high sedimentation intensity). Furthermore, the results of suitability categories of soil sensitivity to the erosion revealed that 4,585.98 ha (64 %) of the rangeland surface was classified in the moderately suitable (S2) suitability category and 2,572.84 ha (36 %) was placed in the marginally suitable (S3) suitability category. The effective criteria in the EPM model are shown in Fig. 2 .
Forage production and livestock grazing capacity
The components of capacity and suitability of forage production for livestock is illustrated in Fig. 3 . The diagram derived from the livestock grazing capacity model will then be applied in the next stage as input for the water source model. The results of the suitability model on forage production of vegetation types in the study area are illustrated in Table 8 . According to the forage production model, none of the vegetation types fall into the S1 suitability category. About 1,352.46 ha (18.89 %) of the rangeland fell into the S2 suitability category, around 4,837.74 ha (67.57 %) of the rangeland fell in the S3 suitability category on forage production, and finally 968.61 ha (10.8 %) of the rangeland fell in the N suitability category. The results on the livestockgrazing capacity in the study area are shown in Table 9 .
Suitability model of water resource
The suitability categories of this model were determined using the combination of three criteria such as quality, quantity, and distance from water sources (Fig. 4) . Based on the water sources quality and considering the water quality, there were no limitation in the range area in question, and the whole range area fell within the S1 suitability category (Table 10) .
Suitability model of water sources quantity
The results achieved from the water sources quantity are presented in Table 11 . The results indicated that there were no limitations on the amount of water in the traditional unit that all fell into the S1 suitability category.
Distance from water sources suitability
The results of the submodel on the distance from water sources suitability revealed that 6,385.17 ha of the rangeland area (89.2 %) fell in the S1 suitability category, 530.04 ha (7.4 %) of the rangeland of the region in question fell into the S2 suitability category. Only 243.6 ha (3.4 %) of the rangeland fell into the N category; in addition, no rangeland area fell into the S3 suitability category. The final outcome of the model on water sources is illustrated in Table 12 . The region in question had no problems regarding the quantity and quality of the water sources; it was only the distance from the sources that mainly determined the suitability of the rangeland with respect to water accessibility.
Application to livestock grazing
The final outcome of the suitability model for livestock grazing was derived from the combination of three suitability submodels involving soil sensitivity to erosion, forage production suitability, and the suitability of the water resources (Table 13) .
Land suitability and grazing pressure analysis
Based on the analysis areas, the lands which are far from rural area dominated by moderate slope gradient and closed to the water sources which were identified as suitable for livestock. Generally, out of the total area, 15.7 % was S2, 68.7 % was S3, and 15.6 % was N for livestock grazing. The other 20.1 % was covered by other land uses (Fig. 5a ). The land suitable for livestock grazing from the analysis is much less than the existing grazing land in the Ghara-Aghch. The most productive areas show the least grazing pressure index and those marginal rural areas and marginal croplands and orchards shows the highest grazing pressure index (Fig. 5b) . Especially areas near to water point have low productivity rate and low grazing pressures. This is due to the high grazing pressure in these areas.
Discussion
In Iran, as the most parts of the world, animal husbandry is the prevalent productive use of semi-arid zones bordering the deserts. On the other, overgrazing is a major problem in most of these areas. Therefore, the objectives of this paper, was to apply the concept of range inventory in the recognition and evaluation of potential and actual production for optimal utilization of this valuable natural resource for extensive livestock grazing.
The most important erosion reducing factors in the study area were determined by land and vegetation use. Factors of land use, land cover, runoff, and the current erosion in the Production classes 1 40 % (of total production) S1 2 3 0 -40 % (of total production) S2 3 2 0 -30 % (of total production) S3 4 <20 % (of total production) N a Minimum production lower than 100 kg/h region are among the most important factors influencing erosion in the Ghara-Aghach rangeland. Amiri (2009b) stated that the important factors in increasing erosion are soil sensitive to the erosion, unsuitable vegetation cover, and the lack of proper management in land use. Neameh (2003) had also mentioned unsuitable land use (plowing the rangeland and changing them into farmlands) as the main factor in reducing the suitability of semi-arid rangelands. The negative effects of overgrazing and early grazing on the reduction of infiltration and increased run off (and consequently increased erosion) were clearly specified. Kioko et al. (2012) showed that continuous and overgrazing by a Since this type is classified in the S3 erosion suitability class and is of a poor condition with a downward trend it is unsuitable for livestock grazing impairing functional characteristics of plants, defoliation, low vegetation cover, and maximum soil loss through erosion had undesirable effects on the rangeland. The results of the study showed that the quantity (number of permanent water sources), quality, and the distance from the water sources did not impose much limitations on the rangelands suitability for grazing livestock. However, the steep slopes along the livestock path to the water sources resulted in the formation of an "unsuitability" category for livestock. Vallentine (2001) reported on the importance of the slope factor in reaching the water sources and declared that by increasing the slope the ability to graze decreases and increases the livestock demand to expend lots of energy. The quality and quantity of the water sources in the rangeland did not impose any limitations. The outcome of the research indicates the slope as the reducing and sometimes limiting factor in the range suitability. Hence, the slope factor is of considerable importance in determining the suitability of the pasture for grazing. As slope increases, the water retention time on the ground decreases, the rate of penetration decreases, and the amount of water runoff increases. Grazing on steep slopes will cause transposition of the soil and consequently will make it difficult for plants to remain stable. Furthermore, the livestock will spend lots of energy in walking on the steep slopes (for grazing and reaching water sources) and as a result their function will decrease. Cook (1954) explained that on slopes of more than 60°, little forage is grazed. Amiri (2009a) and Gavili et al. (2011) defined the slopes with more than 60 % as useless for all kinds of livestock, while Holechek et al. (1995) and Arzani et al. (2006) reported that slopes of more than 60 % is useless for livestock grazing. On such steep slopes, wild animals would graze better than livestock.
The major factors in reducing suitability of the rangelands in the study area were improper use or utilization limit, the existence of unpalatable plants in the forage combination, and the decrease in available forage for livestock (Watkinson and Ormerod 2001; Tietjen and Jeltsch 2007) .
It must be noted that factors which cause reduction of proper use factor exploitation limit in the rangeland are themselves deemed as the reducing factors of the suitability of the rangeland. The effects of previous usage (changing the rangeland into farmlands and leaving them or overgrazing), the low vegetation cover, and the existence of low palatability class plants among the vegetation (perennial forbs and annual grasses) are among the factors reducing the suitability of forage production in the study area. The results of the study of Mcarthur et al. (2006) showed that the long-term sheep grazing in the arid rangelands of southern Australia causes loss of valuable palatable species and/or the dominance of large areas by undesirable "woody weed" species.
Plowing rangelands with the aim of developing unirrigated cultivation in the rangelands is one of the factors responsible for the destruction of the rangeland in arid and semi-arid rangelands, although the annual rainfall allows for rain-watered cultivation. As the climatic conditions in the study area facilitates un-irrigated cultivation the region's rangeland has in the past been plowed and cultivated, wherever the soil depth and the slope were not limiting. During the early years of neglect of the un-irrigated-farms, the invader plants (most of the annual grasses and forbs) had become established in the rangeland. The annual forbs and grasses make up a temporary vegetative ground cover (during the growing season), while for much of the year the ground has no vegetative cover and hence is shelter-less against erosion. The present study revealed that changing the rangeland to rain-watered farms and neglecting them, overgrazing, early grazing, low vegetation cover, and presence of fewer palatable species are the most important factors in reducing suitability of the study area in terms of forage production. Amiri (2009b) had also observed low vegetative cover as among the most important factors in reducing production suitability of a rangeland. The results of the final range suitability model revealed that the most important factor in reducing the rangeland suitability of the study area was the low amount of the available forage in comparison to the total herbage production. It must be noted that other factors responsible for reducing the suitability of the rangeland include low vegetation's cover, lack of proper vegetative ground cover to protect the surface soil, surface runoff, slope, the sensitivity of the soil to erosion, climatic conditions, plant combination, the condition and trend in vegetation types, overgrazing, and finally invasion of the rangeland areas determine the suitability of the rangeland. Farahpour et al. (2004) reported early and overgrazing as the main causes of the reduction of the suitability of the rangelands of semi-arid rangeland (Shadegan in Isfahan); but in the Ghara-Aghach district, due to the limitations imposed on early grazing by the Institute of the Natural Resources of Isfahan Province, early grazing was not a suitability limiting factor in the rangelands. Guenther et al. (2000) , in determining the suitability of a rangeland in Australia, noted the two factors of slope and water resources as the suitability limiting factors of rangeland for grazing cattle. Due to the existence of numerous permanent water sources in the Ghara-Aghach rangelands, the water resources factor does not impose much limitation on the suitability of the rangeland. However, the slope factor in reaching the water sources in limited areas of the rangeland was a suitability limiting factor. Fitumukiza (2004) on determining the suitability of the rangeland of the Gaza Province in Mozambique for cattle grazing, considered parameters such as rainy and growing seasons, soil characteristics, vegetative cover, the needed and available forage, reaching the water resources and slope, and expressed the major suitability limiting factors in the rangeland as: firstly, the lack of accessibility to the water sources; then, low palatability of the plant species, low production of the forage, and the slope. It must be noted that the results reported by Guenther et al. (2000) and Fitumukiza (2004) were similar to that observed in the present study. The outcome of the present study also showed that due to low productivity of palatable forage as a result of constant utilization of the rangeland, the shortage or lack of palatable plants on the one hand and the existence of numerous unpalatable and thorny plants in the vegetation composition on the other hand, effective grazing of livestock in the rangeland will be limited.
Conclusion
Assessment of rangelands is an activity that frequently challenges those involved in the livestock industry, environmental protection, and rangeland management. The main objectives of an integrated land, forage, and livestock resources suitability assessment are to quantify the resource endowment, understand interrelationships between resource components, predict environmental impact, estimate livestock support capacity, and evaluate development options. Following the result of the rangeland suitability analysis, it is also possible to identify limitations and input requirements for the sustainable rangeland and livestock production. In this research, recent developments of using GIS as a smart tool in supporting the ranchers and pasture owners for monitoring land suitability for livestock feeding purposes is challenged. This study was carried out on a semi-arid land to examine limitations and opportunities for extensive grazing. While we may present a comprehensive attitude towards extensive grazing, one should know that grazing is one of the uses readily available for rangelands. As FAO argues, different land units have different qualities for certain utilizations. As might be understood, rangeland utilizations comprise certain qualities and criteria that the model must consider in assessing suitability. However, mixed livestock grazing could be substituted with single utilization in order to gain sustainability of these resources and gain ultimate but sustainable benefits.
